Metagenomics Approach to Predict Functional Capabilities of
Microbes in Clean Room Facilities
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Introduction and Study Concept

Metagenomics approach provides a comprehensive microbial census as well
as the functional potential of a microbial community surviving in a given
habitat. We will adopt well-developed Metagenomics approaches to Predict
Functional Capabilities (MPFC) of the microbial community present on
spacecraft and associated surfaces. The MPFC team will utilize next
generation sequencing technologies and advanced bioinformatics
capabilities that have been developed and implemented by the Joint
Genome Institute (JGI), a co-investigator institution.
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Figure 1: A comprehensive flow chart depicting the Functional Metagenomics project research overvi

Sampling details: Three adjacent areas (A, B, C) of 10 different locations in the clean
room (red circles) were sampled using each BiSKit for one square meter (30 BiSKit
samplers for 30m? in total). Each adjacent area of all 10 locations were pooled (10m?) and
analyzed for molecular analyses. Compared to gowning area, ~10 times more surface area
was collected, since it was reported that ~10-fold less microbial abundance is present in a
Class 100K room compared to uncertified ordinary rooms (La Duc et al., 2012).

One square meter surface area of 4 different gowning room locations was sampled using
BiSKit samplers (blue circles; designated as location 1 to 4).
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Figure 3: A 3D-rendered-model of a typical clean room and its
adjacent servicing facility (gowning room). Results of the clean
room are displayed in red colors (3A, 3B). Findings of the
gowning room are highlighted in blue colors (3C, 3D). Total ATP
(dead and viable microbes) and intracellular ATP (viable
microbes) was determined in duplicate (3A, 3C). PMA-qPCR
measurements were carried out in triplicate (38, 3D). Error bars
in diagrams show standard deviations. Values above bars are
percentage of viable microbial population.

3E) Microbial diversity and assignment of picked OTUs to their
phylogenetic groups. Proportions are shown in relative
abundance [%]. Taxa which lay beneath a threshold of 1% were
grouped in the artificial category "Other” with and without an
indication to their representing phylum. Taxa with a higher
relative abundance than 1% are resolved as far as genus level.
Values between bars are percentage of viable OTUs (+PMA).

Clean rooms are maintained to their specific
certification and are controlled indoor environments
with increasing importance for modern industrial
manufacturing processes. Despite stringent cleaning
and maintenance clean rooms are not sterile and
many  microbes  withstand those extreme
oligotrophic conditions (La Duc et al., 2007; Moiss| et
al., 2007).

Modern molecular methods are capable of
measuring  comprehensive  microbial  burden/
diversity about any given environment in contrast to
cultivation based methods. However, an often
neglected fact of molecular approaches is their
disability to differentiate viable portions of microbes
from dead cells (Vaishampayan et al, 2013). In
addition to ATP (adenosine triphosphate) assay,
which was shown to assess viable and active
fractions of microbes (Venkateswaran et al., 2003),
the DNA intercalating dye PMA (propidium
monoazide) was also used during this study.

The utilization of PMA to mask DNA from dead
cells is an elegant method to distinguish intact and
viable cells from dead microorganisms with
compromised cell walls on molecular level (Nocker
et al, 2007, Rawsthorne et al, 2009;
Vaishampayan et al., 2013).

Here we quantified viable microbial bioburden of a
spacecraft assembly clean room (Class 100K) at
NASA Jet Propulsion Laboratory and its adjacent
servicing facility (gowning room). Furthermore we
give an insight into microbial diversity of both
rooms. Floor samples were collected using
Biological Sampling Kit (BiSKit) from several

locations and appropriate samples were pooled
before subjecting to molecular analyses. The ATP-
assay was used to determine relative differences
between both sampled rooms concerning their
active microbial fractions. qPCR was applied to
quantify variations of PMA treated and untreated
metagenomic DNA portions.

Figure 2: Sampling characteristics.

A: Biological sampling kit (BiSKit).

B: Active collection of clean room floor sample.
C: Spacecraft assembly clean room.

D: Gowning room.
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Conclusion and Future Work
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